The Institute for Evaluation of Labour Market and Education Policy (IFAU) is a research institute under the Swedish Ministry of Employment, situated in Uppsala. IFAU's objective is to promote, support and carry out scientific evaluations. The assignment includes: the effects of labour market and educational policies, studies of the functioning of the labour market and the labour market effects of social insurance policies. IFAU shall also disseminate its results so that they become accessible to different interested parties in Sweden and abroad.
IFAU also provides funding for research projects within its areas of interest. The deadline for applications is October 1 each year. Since the researchers at IFAU are mainly economists, researchers from other disciplines are encouraged to apply for funding.
IFAU is run by a Director-General. The institute has a scientific council, consisting of a chairman, the Director-General and five other members. Among other things, the scientific council proposes a decision for the allocation of research grants. A reference group including representatives for employer organizations and trade unions, as well as the ministries and authorities concerned is also connected to the institute. Papers published in the Working Paper Series should, according to the IFAU policy, have been discussed at seminars held at IFAU and at least one other academic forum, and have been read by one external and one internal referee. They need not, however, have undergone the standard scrutiny for publication in a scientific journal. The purpose of the Working Paper Series is to provide a factual basis for public policy and the public policy discussion. 
ISSN 1651-1166

Introduction
Starting in the mid-1980s, labour market reforms have been implemented in many developed economies with the aim of reducing unemployment and raising employment in the longer term. The reforms have often involved reductions in the generosity of unemployment insurance and the introduction of earned income tax credits (EITCs), i.e.
tax reductions on income from employment only, in order to increase the return to work. A large amount of empirical research has studied the impact on unemployment and employment. However, although theoretical models usually identify wage reductions as the crucial mechanism through which employment is influenced, there has been surprisingly little research on wage effects. The aim of this paper is to help filling this gap.
Empirical studies of how unemployment benefits influence unemployment are of two types: microeconometric studies of the duration of unemployment and panel studies trying to explain unemployment differences both across and within countries over time.
But the number of studies of how benefits influence individuals' reservation wages is small compared to the number of studies of the effects on unemployment duration, as noted by Shimer and Werning (2007) . Most of the studies are old. Some of them, such as Lynch (1983) , Holzer (1986) , van den Berg (1990) and Bloemen and Stancanelli (2001) , find quite small elasticities of reservation wages with respect to benefits (0.1 or smaller), whereas a couple of others (Fishe 1982 and Feldstein and Poterba 1984) estimate substantially larger elasticities. Macroeconomic panel studies seldom examine the relation between unemployment benefits and wages, 1 but instead estimate reducedform relationships between unemployment and other variables including unemployment benefits (see e.g. Bassanini and Duval 2009 ).
The situation is similar with respect to EITCs. Many studies -mainly for the UShave exploited the natural experiment that only some groups (mainly single mothers) have received the tax credit. Using difference-in-differences techniques, large employment effects on the extensive margin (the number of employed persons) have been identified (see e.g. Hotz and Scholz 2003 and Eissa and Hoynes 2006 In standard labour supply-demand models, general-equilibrium wage reductions attenuate the employment effects that would follow from partial-equilibrium supplyside effects (increased labour force participation), as stressed by Rothstein (2008 Rothstein ( , 2010 .
However, as Kolm and Tonin (2010) show, this result need not hold in a MortensenPissarides search-matching model. The job creation induced by the wage fall, because it becomes more profitable for firms to open up vacancies, may increase the expected value of entering the labour force, since unemployment spells are shortened.
EITCs have often been introduced with the double objective of raising employment and alleviating poverty. To the extent that the EITCs' incidence is on employers by reducing wages, the measure's efficiency in achieving both targets is reduced. Instead, a trade-off emerges: the more effective an EITC is in raising employment through wage reductions, the less effective it is in raising the living standards of the recipients (Rothstein 2010 , Swedish Fiscal Policy Council 2010 .
Our paper examines the effects of unemployment benefits and EITCs on wages by using micro data from Sweden for [2004] [2005] [2006] [2007] [2008] [2009] . This period encompassed large reductions in the generosity of unemployment benefits as well as the introduction (and expansion) of an EITC in 2007-2009. We employ a search-matching framework according to which both unemployment benefits and EITCs influence wages through their effect on the net replacement rate (the ratio between after-tax incomes of unemployed and employed workers). Our set-up also allows us to study the wage effects of income tax progressivity and payroll taxes. Since all wage earners are eligible for the EITC in Sweden, it is not possible to differentiate between groups who have received the tax credit and groups who have not. Instead, we exploit variations in the size of the tax credit between individuals.
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In most of our estimations we find a significantly positive relationship between the net replacement rate and the wage. This implies that a reduction in unemployment benefits and an EITC tend to reduce wages. As in the wage studies for the US and the UK quoted above, the magnitude is substantial: a one percentage point lower net replacement rate is associated with lower nominal wages in the order of magnitude of 0.2-0.4 per cent. This implies that a one per cent decrease in the unemployment benefit level or a one per cent increase in the net-of-tax rate is associated with a wage fall of 0.1-0.2 per cent. We also find that higher income tax progressivity is associated with lower wages, although the size of the effects is more unstable here: some estimates suggest small effects, whereas others suggest substantial effects. We find little evidence of wage effects of payroll tax changes. Overall, our estimations suggest that wage reductions are likely to be an important mechanism through which EITCs and lower unemployment benefits influence the labour market.
The paper is structured as follows. Section 2 describes the reforms relevant to wage formation in Sweden in [2007] [2008] [2009] . Section 3 summarizes the theoretical framework.
Section 4 outlines our empirical strategy. Section 5 describes the data. Section 6 presents empirical results. Section 7 concludes. 
Swedish labour market reforms
Theoretical framework
We use a search-matching model of the Mortensen-Pissarides type. It is a simplified version of such a model with taxes as presented in Cahuc and Zylberberg (2004) . 4 We consider an economy that consists of a large number of identical firms and workers.
Firms produce a homogenous good using labour as the only input. Each firm has one job slot, which can be filled or vacant. The government levies income taxes on labour and payroll taxes on firms. Unemployed workers search for employment and the number of successful matches depends on the number of vacancies posted by firms and the number of unemployed workers competing for jobs. Wages are set in Nash bargaining between workers and firms.
Let the discounted values for a worker of being employed and being unemployed be denoted by and , respectively. Variables with the superscript i refer to firm i and 2 The Swedish unemployment insurance and the recent changes in it are described in detail in Swedish Fiscal Policy Council (2008 Council ( , 2011 variables without a superscript to employment in some other firm. The flow value functions for a worker in firm i and for an unemployed worker are then:
where is the exogenous discount rate, is the exogenous job destruction rate, is the after-tax real unemployment benefit, and is the hazard rate, i.e. the rate at which unemployed workers exit unemployment, which depends positively on labour market tightness (the ratio between vacancies and unemployed), so that ′( ) > 0. = − � � is the after-tax real wage of a worker in firm i with being the pre-tax real wage and the income tax paid by the worker.
Let Π and Π denote the values of a firm i's profit streams associated with employment of a worker and an unfilled vacancy, respectively. Then the following asset return equations apply:
where is output per worker, ℎ is the cost of a vacancy and is the probability of filling a vacancy, which depends negatively on labour market tightness , so that
is the real wage cost of a worker to firm i with being the proportional payroll tax rate.
Letting ∈ (0,1) denote the relative bargaining power of workers, the Nash bargaining solution for the real wage in firm i is obtained as:
where (1) implies
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Since free entry of firms ensures that Π = 0, (3) gives:
Taking account of (5) and (6) and solving the optimization problem gives the first-order condition:
where
is the elasticity of the individual's after-tax real wage with respect to the before-tax real wage. , sometimes denoted the coefficient of residual income progression, is a measure of income tax progressivity. If < 1, a one per cent increase in the before-tax real wage causes a less than one per cent increase in the after-tax real wage , indicating that the income tax is progressive. This occurs when the marginal tax rate ′ , is higher than the average tax rate / . The lower the elasticity , the more progressive is the income tax.
Using (1) and (2) to solve for we obtain:
where is the after-tax wage that the worker would obtain in another firm.
Substituting this expression into (7) yields:
where = / is the after-tax replacement rate of individual . Because = − � �, = − ( ) and = (1 + ) , the condition (8) implicitly defines a real wage equation for an individual worker:
Here is the worker's outside option in terms of the before-tax wage that he would obtain in another firm. The individual's real wage thus depends on the net replacement rate (which reflects both the before-tax replacement rate and EITCs), income tax progressivity , the payroll tax rate , labour market tightness , labour productivity and the outside wage as well as on the real interest rate , the separation rate and the bargaining power of workers .
Differentiating (8), we find that:
An increase in the individual's net replacement rate raises the real wage because it gives the worker a better outside option (higher income if there is no agreement with the employer and the worker stays unemployed). An increase in the before-tax replacement rate affects the real wage in a similar way as an EITC as both increase the net replacement rate. A decrease in income tax progressivity, i.e. an increase in the progressivity variable , also raises the wage, as it gives the worker a higher payoff from a before-tax real wage increase in terms of the after-tax real wage. An increase in the payroll tax rate reduces the real wage because it decreases the surplus that workers and employers can share. An increase in labour market tightness has an ambiguous effect but raises the real wage if / > . The interpretation is that the worker's outside option is improved the faster a job can be found in another firm provided that the wage there is not too low compared to the unemployment benefit. An increase in labour productivity raises the real wage because the surplus to be shared between workers and employers increases. Finally, an increase in the outside wage also increases the individual's wage, as it improves the outside opportunity.
In a symmetric equilibrium, defined as wages being identical across firms, the expressions are simplified. Imposing = on (9) enables us to solve for the equilibrium real wage as:
Equation (10) now determines an aggregate equilibrium before-tax real wage which can be written in the general form:
= ( , , , , ; , , ).
It is straightforward to show that the signs of the partial derivatives of equation (11) are the same as those of equation (9). The only exception is / which is now unambiguously positive, such that an increase in labour market tightness raises the equilibrium real wage. This follows immediately from the earlier expression for / as symmetry implies / = 1, which gives ( / ) − = 1 − > 0 always.
Empirical strategy
Our main focus is on estimating regressions corresponding to equation (9), which explains individual real wages. The wage equations are estimated in first differences to account for potential non-stationarities in the data and to handle problems that may arise due to autocorrelation. Given that the sample period is short (2004) (2005) (2006) (2007) (2008) (2009) ), a more dynamic specification is not feasible. In addition, estimating first differences rather than levels implies that we follow the same individuals for at least two consecutive years, which purges the estimates of any effects that may arise if the composition of the pool of employed workers changes over time. Estimating equations in first differences also has the advantage that it allows us to include individual trends by estimating fixedeffects models.
Since we choose to use the change in the nominal hourly wage as the dependent variable, inflation ∆ has to be added as an explanatory variable. The other main explanatory variables are the changes in the net replacement rate, the measure of tax progressivity, the payroll tax rate and the labour market situation.
According to equation (9), the outside wage (the wage that the individual worker would receive in another firm) and individual productivity should also enter as arguments. It is not obvious how to treat these variables in our data. However, the worker's outside option is likely to be a function of individual characteristics. It is reasonable to assume that the individual's profession, experience and other traits are proxies for his opportunities outside the workplace. We therefore add a range of individual controls that are known to affect individual wages to the equation, specifically educational level and type, previous unemployment, region of birth, age, gender and civil status. This amounts to an assumption that such individual characteristics determine different trends in the outside wage and that individuals base their expectations of it on these trends. The individual characteristics can also be thought of as capturing trends in individuals' productivity. Admittedly, these are crude ways of capturing changes in the outside wage and productivity, since they do not allow for variations across years. We do, however, include fixed time effects in some IFAU -Earned income tax credits, unemployment benefits and wages 12 specifications. The remaining variables in equation (9), i.e. the real interest rate, the job destruction rate and the bargaining strength parameter are treated as fixed.
Our benchmark regression equation is thus:
where from now on denotes the nominal hourly wage and the : denote the individual control variables. Subscript i denotes the individual and subscript t the time period.
We measure the change in the labour market situation for an individual as the change in the unemployment in the municipality of residence. 5 As the changes in the payroll tax during the sample period were related to the individual's age (see Section 2), they are proxied by the following dummy variables:
0 ℎ where denotes the individual's age.
A key challenge is how to deal with the fact that the net replacement rate and the tax progressivity variable for the individual are functions of income (and thus the wage rate) and therefore endogenous. This is so because tax rates vary with income and because there has been a fixed nominal floor and a fixed nominal ceiling for the beforetax unemployment benefit (see Section 2). Moreover, the individual's net replacement rate is not directly observable since the wage data apply to employed persons. We therefore must predict the net replacement rate that the individual would obtain in the event of unemployment. To address these issues, we compute the net replacement rate and the tax progressivity variable at the individual level based on various exogenized 5 Because there are no data on vacancies per municipality, labour market tightness cannot be used as a variable.
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Benchmark specification
Our first approach is to base the replacement rate and the tax progressivity variable on the individual's lagged wage, corrected for average wage growth. This gives us a series of predicted wages according to:
where � is the predicted nominal wage of individual at time and is average wage growth from period − 1 to , i.e. = −1 ∑ ( − −1 )/ −1 with being the number of individuals. In a similar fashion we use hours worked in the previous period as a predictor for actual working time.
The changes in the net replacement rate and the tax progressivity variable in wage equation (13) are computed with the help of the following equations:
where now denotes the nominal unemployment benefit of worker i at time t, denotes the expected unemployment duration of the worker, and and denote nominal taxes on unemployment benefits and income from work, respectively. Equation (13) is then estimated by OLS.
Reform variables based on Mincer wages
While using lagged income as a proxy for actual income is appealing in its simplicity, we also estimate Mincer-type equations and use the wage predictions from these estimations to compute the net replacement rate and the progressivity variable as a robustness check. The advantage is that the Mincer equations can be estimated on prereform data which purges the predicted income measures of any effects of the reforms.
Specifically, we estimate: 
where ̅ is aggregate wage growth from period − 1 to . 6 Having computed the net replacement rate and the progressivity variable from this exogenized measure of income, we estimate (13) by OLS.
An instrumental variables approach
An alternative to estimating (13) by OLS is to use changes in the net replacement rate and in the progressivity variable based on the Mincer predictions as instruments for ∆ and ∆ in 2SLS estimations.
In the first stage we estimate:
6 In the benchmark wage equations in Section 4.1 we instead used average wage growth. This measure refers to the average of wage growth between two years for those individuals who were employed in two consecutive years and thus includes individual career effects. Aggregate wage growth refers instead to the growth in the average wage of the entire sample between two years. Comparing actual wages to the Mincer predictions reveals that aggregate wage growth gives more accurate forecasts over the wage distribution than average wage growth. Another difference compared to the benchmark equations is that, instead of using hours worked in the preceding year as a proxy for actual hours, we here assume full-time employment. The advantage of assuming full-time employment is that we can include also individuals who are temporarily out of work in the estimations. The disadvantage is that we may generate measurement errors in the exogenized income measure to the extent that the part-time employed are misrepresented.
where ∆ = ( � ) − −1 ( � −1 ) and ∆ = ( � ) − −1 ( � −1 ) . In the second stage, the predicted ∆ and ∆ from (19) and (20) are used when estimating (13).
Wage equations at the group level
Consistent with the aggregate wage equation (11), we complement the wage equations at the individual level by regressions on group averages. This is a crude way of addressing the theoretical concern that, for example, a change in the net replacement rate may have spillover effects across individuals in a particular labour market, i.e. that the individual's wage is not only affected by a change in the own replacement rate but also by changes in other workers' replacement rates via the effects on their wages and thus on the individual's outside option. More precisely, we divide the individuals into percentiles based on the distribution implied by the Mincer predictions in 2006. The percentiles are then viewed as separate labour markets for workers with different skill levels and the average wage in the percentile as a proxy for the equilibrium wage in that market. The reason we condition on the 2006 distribution is that we want to purge the replacement rate and the progressivity variable of wage effects induced by the changes in these variables.
We thus compute the average actual wage, the average net replacement rate and the average of the progressivity variable in each percentile as follows:
where k denotes the percentile and denotes group size. We estimate the following model:
where is a group-specific fixed effect which, given that we are estimating first differences, is equivalent to including a group-specific trend. To account for the fact that group size may vary over time, we weigh the estimations by average group size.
The aggregation comes at a cost. Since aggregating the data reduces the number of observations substantially, the precision of the estimates will decrease.
Data
We use data from the LINDA database, including register data and survey-based information on wages. Note: The net replacement rate and the progressivity variable are based on wage predictions according to equation (14) . Local unemployment is calculated as the unemployment-to-population ratio. Both openly unemployed and participants in labour market programmes are counted as unemployed.
The net replacement rate, based on predicted wages according to (14) Table 2 displays the results from estimating the benchmark version of equation (13), in which the replacement rate and the progressivity variable are based on the individual's lagged wage corrected for aggregate wage growth. 8 We start by running simple regressions of the difference in the log wage on the first differences in the net replacement rate and the progressivity measure and then gradually add more variables.
Results
All columns exploit the full sample except columns (8) and (9), which exclude entrepreneurs and part-time employed, respectively. In columns (10) and (11), year dummies are included and in column 12 individual fixed effects.
In all the regressions there is a significant, positive relation between the change in the net replacement rate and wage growth as hypothesized, with most estimated semi-7 Descriptive statistics for the net replacement rate and the progressivity variable based on actual wages are displayed in Bennmarker et al. (2011) . It is shown that the measures based on wage predictions have a high degree of accuracy. When computing net replacement rates, expected unemployment duration was approximated by the pre-2007 distribution of length of unemployment spells. Average unemployment duration was computed for each wage decile and the estimates were subsequently applied to each individual in the decile. 8 Our data comprise the period 2004-09 but since two years are spent predicting wages on lagged values and then taking first differences, our estimations cover the period 2006-09. Throughout the analysis, we report robust standard errors but the main effects remain significant also when standard errors are clustered at the municipal level .
IFAU -Earned income tax credits, unemployment benefits and wages 19 elasticities in the range of 0.33-0.40. A reduction in income tax progressivity (an increase in the variable) also has a significantly positive effect on wage growth, although this effect is much smaller than for the net replacement rate (a semi-elasticity around 0.04). 9 When the dummies for payroll tax reductions are included in columns (7) and (11), they are insignificant.
The change in the municipality unemployment rate has a small, but significant, negative impact on wage growth in all but one of the equations where it is included.
Inflation is positively correlated with nominal wage growth, with a coefficient somewhat below unity. Age is negatively correlated with wage growth, suggesting that younger workers face steeper earnings profiles than older workers.
In Table 3 , the net replacement rate and the progressivity variable are based on
Mincer wage predictions. The point estimates of the wage semi-elasticity with respect to the net replacement rate are in all cases except one lower than in the benchmark equations: when controls are included the estimates are in the range of 0.16-0.32. The effects of progressivity on the wage are of the same order of magnitude as before.
Again, we find no significant effects of the payroll tax dummies. In these regressions, previous unemployment is positively related to wage growth, although the effect is very small, whereas the (very small) effect of municipal unemployment is unstable.
The results from using the after-tax replacement rate and the progressivity measure based on Mincer wages as instruments for the actual variables are displayed in Table 4 .
This yields estimates for the net replacement rate that are very similar to those obtained by the OLS-estimations in Table 3 . But here the point estimates for the progressivity variable are much larger than before: with controls included they are in the interval 0.44-0.54. The 2009 payroll tax dummy is now significantly positive (indicating a wage-raising effect of the reduction for young people). The impact of municipal unemployment is significantly negative. Previous unemployment is still positively associated with wage growth, although the effect remains very small. Table 5 shows the estimations with percentile groups as the unit of observation. As shown in columns (1)- (4), the relation between the average net replacement rate and the 9 The result that lower progressivity is positively correlated with wage growth is consistent with the results in, for example, Lockwood and Manning (1993) , Holmlund and Kolm (1995) and Hansen et al. (2000) .
IFAU -Earned income tax credits, unemployment benefits and wages 20 mean wage is significant and positive. The estimated magnitude is of the same order as in Table 3 and Table 4 and obtains regardless of whether we include group fixed effects and weights capturing group size. The progressivity variable, however, becomes insignificant in these percentile equations. Columns (5) and (6) show that, when adding time dummies, also the net replacement rate becomes insignificant. This is not surprising as much of the variation in the data is already removed when aggregating the observations into percentiles and adding year dummies further consumes some of the remaining variation. We interpret the findings from the group estimations as broadly consistent with our results from the analysis of individual wages.
Overall, our estimates imply semi-elasticities between an individual's wage and the net replacement rate of the order of magnitude of 0.2-0.4. How should one interpret these magnitudes and how do they relate to the results in other studies referred to in Section 1? Writing in terms of differentials instead of differences as above, we have estimated the semi-elasticity /d = 2 , where = / and = − � �. The elasticity of the wage with respect to the unemployment benefit is / = 2 /(1 + 2 ). Setting = 0.65 (see Table 1 ), it follows that our estimates of the semi-elasticity 2 implies a wage elasticity with respect to the benefit level in the range 0.12-0.21. This is close to, but somewhat larger, than most of the estimates of the elasticity of the reservation wage with respect to the unemployment benefit level reported in Section 1.
We can also compute what our estimated semi-elasticities imply for the incidence of the EITC. To simplify, we make the calculation assuming that the income tax on wage income is proportional, i.e. that = (1 − ) , where t is the tax rate and (1 − ) is the net-of-tax rate. Then it is straightforward to show that the elasticity of the wage with respect to the net-of tax rate is equal to minus the elasticity of the wage with respect to the unemployment benefit, i.e. / (1 − ) = − 2 /(1 + 2 ). The elasticity of the after-tax wage with respect to the net-of-tax rate is
. It follows that a one per cent increase in the net-of-tax rate is associated with a fall of 0.12-0.21 per cent in the before-tax wage and an increase of 0.79-0.88 per cent in the after-tax wage. The shifting of the EITC on to employers through lower wages according to our study is thus somewhat smaller than according to the studies for the US and UK referred to in Section 1. 
Conclusions
There exists a large empirical literature on the effects of unemployment benefits and earned income tax credits (EITCs) on unemployment and employment. But the mechanisms through which these variables are affected have been much less studied.
Wage formation is likely to be a very important channel. We set up a theoretical model where both unemployment benefits and EITCs influence wages through their effects on the net (after-tax) replacement rate for the unemployed. The model is used to explain wages in Sweden in 2006-09, when an EITC was introduced in several steps and benefit generosity reduced, employing a large micro data set for individuals.
A key challenge is how to handle the reverse-causality problem that the net replacement rate is an endogenous variable: it is not only the case that the wage depends on the net replacement rate, the unemployment benefit and tax rules also imply that the net replacement rate depends on wage income. We address this problem by trying to exogenize the replacement rate in various ways: by computing measures based on lagged wages corrected for aggregate wage growth, by predicting wages through Mincer equations and by instrumentation.
When estimating wage equations for individuals we find strong, significant wage effects from variations in the net replacement rate. The estimated semi-elasticities are mostly in the interval 0.2-0.4. This implies absolute values of the elasticities of the wage with respect to the unemployment benefit level and to the net-of-tax rate of 0.1-0.2.
Aggregating individuals into percentiles of the wage distribution gives less stark results but also suggests a positive correlation between the net replacement rate and wages. Our findings thus support the hypothesis that the recent introduction of an EITC and reduction in unemployment benefit levels in Sweden were conducive to wage moderation.
One should, however, be cautious when drawing conclusions on the magnitude of the wage effects. The estimates from the wage equations for individuals do not take account of spillover effects on other wages because wage reductions in one firm deteriorate the outside option for workers in other firms. Hence, our estimates are best regarded as relative-wage effects. The general-equilibrium effects on the aggregate wage are likely to be larger than in our estimates: a general reduction in the net replacement rate will for each worker have both a direct effect (from the change in the own replacement rate) and IFAU -Earned income tax credits, unemployment benefits and wages 26 an indirect effect (from the wage decrease for other workers induced by the reduction in their replacement rates) reinforcing the direct effect.
There are interesting extensions to consider. First, data restrictions limit our study to short-term effects. Long-term effects on wage formation should be identifiable as longer time series become available. Second, it would be desirable to gauge the spillover effects on individual wages from the impact of changes in the net replacement rate for other workers in the same labour market in order to analyze the general-equilibrium effects.
EITCs and reductions in unemployment benefits are widely used policy tools in the fight against unemployment. Consistent with theoretical predictions, our results suggest that such reforms strengthen incentives for wage restraint, which is likely to be employment-promoting.
